Regular physical exercise has been well recognized as an essential factor for good cardiovascular health and has therefore become an important part of a healthy lifestyle and cardiovascular rehabilitation programmes. Regular physical activity beneficially affects symptoms, increases myocardial perfusion and ultimately reduces mortality in patients with coronary artery disease (CAD) [1] . In one study, for example, when 101 patients with stable CAD were randomized to daily exercise training on a bicycle ergometer or to percutaneous coronary intervention, exercise training resulted in a higher event-free survival (88%), as compared with invasive management (70%) at 12 months follow-up [2] . Admittedly, not all exercise regimes are equally beneficial and extreme exhaustive exercise may even result in vascular damage [3, 4] . Thus, understanding the diverse biological mechanisms mediating the beneficial effects of exercise on vascular function would help to identify appropriate targets and/or drug regimes for prevention and rehabilitation of cardiovascular disorders.
Of the various mechanisms responsible for the maintenance of vascular homoeostasis, the activity of the vascular endothelium and characteristics of more recently discovered bone marrow-derived endothelial progenitor cells (EPCs) merit some discussion. Both mechanisms are closely related, and indeed, both endothelial dysfunction and a decrease in EPC count have been linked to cardiovascular risk factors and precede the development of significant coronary artery stenosis [5] . However, certain interventions such as physical activity or the administration of statins can improve both endothelial function and EPC characteristics [6] . The latter may serve as independent predictors of cardiovascular events [7] .
Although details of the precise molecular mechanisms of the exercise-mediated reduction in morbidity and mortality in CAD are unclear they seem to be related to the improvement of endothelial vasoreactivity (endothelial function), increases vascular size (vascular remodelling), the development of collateral network(s) (angiogenesis) and a reduction of oxidative burden [1, 2] . The vascular effects of physical training usually have more generalized systemic implications; for example, exerciserelated vascular enlargement in improved function have been showed for coronary arteries, as well as skeletal muscle conduits and resistance vessels [8] [9] [10] .
Endothelial function and exercise
Although no single marker exists to reflect the legion of different aspects of endothelial function, endothelialdependent dilatation (EDD) has been accepted as a surrogate marker of this aspect. EDD is greater in individuals who regularly perform aerobic exercise compared with those with sedentary life style, although limited additional enhancement in EDD has been observed in young healthy men with normal baseline arterial vasoactivity [11, 12] . Indeed, a positive impact of exercise in CAD patients has largely been proven in specifically designed rehabilitation programmes.
In this issue of the European Journal of Cardiovascular Prevention and Rehabilitation, Luk et al. [13] extend this by demonstrating that 'real life' habitual activity is also critical for preservation of endothelial activity. Nonetheless, there may be an optimal threshold of training, beyond which exercise may not improve endothelial function. For example, in one study 3 months of high-intensity running reduced endothelium-dependent function [14] . Furthermore, although the study by Luk et al. [13] shows a positive relation between habitual physical activity and markers of vascular health, it gives no insight into the various biological pathways governing these links. Nonetheless, some insights can be obtained by understanding some of the known pathophysiology of EPCs.
Endothelial progenitor cells and exercise
EPCs are recognized promoters of angiogenesis and they also contribute to an increase in the cross-sectional area of the vascular tree in response to physical training [5, 15] . The available data on the exercise-related dynamics of EPCs support the hypothesis of differential effects of moderate and extreme exercise on vascular function. In healthy volunteers, intensive and moderate exercise for 30 min, but not for 10 min, acutely increases circulating levels of EPCs [16] . Rehman et al. [17] have also shown that relatively brief exhaustive exercise elevated the levels of circulating EPCs count by nearly 4-fold and the number of EPCs in culture by 2.5-fold.
The dynamics of EPC counts are also different when prolonged exercise is performed. In marathon runners, for example, a significant decrease of CD34 cells and CD133 cells with no change in EPC number has been observed together with a significant reduction of vascular endothelial growth factor levels [18] . In healthy athletes who participate in the 'Spartahlon' ultra distance continuous foot race (246 km), EPC counts increased almost 11-fold at the end of the race and remained increased at 48 h post race. These findings indicate that mobilization of EPCs from bone depends on the intensity of exercise and may differentially affect different EPC populations, as confirmed by Luk et al. [13] given that the authors have demonstrated that an increase in CD133 þ KDR þ but not CD34 þ KDR þ EPCs has been associated with intensity of habitual exercise [13] . In contrast, less intensive regular aerobic exercise improves EPC function (e.g., prolipherative and migratory activity) and has little impact on CD34 þ and CD34 þ KDR þ EPC counts in healthy sedentary volunteers [19] . For example, regular physical training improves the integrative EPC capacity, at least partly mediated by higher expression of the homing factor CXCR4 [20] . Importantly, the pattern of exercise-dependent EPC changes in CAD is different from those seen in healthy subjects. The key trigger of EPC mobilization in this disorder is exercise-induced ischaemia [21] . Thus, physical training in CAD and chronic heart failure is associated with release into circulation potent angiogenic factors such as vascular endothelial growth factor and stromal cell-derived factor and substantial increase of EPCs in the circulation [21] . More intensive daily physical rehabilitation in patients with acute myocardial infarction is also associated with upregulation of the number of CD34 þ 133 þ cells, which significantly correlated with oxygen consumption [22] . Again all these studies were designed to evaluate the effects on physical activity which were more intensive than 'usual' levels. Thus, Luk et al. [13] have -for the first timedemonstrated positive effects of habitual physical activity on certain EPC population (i.e., CD133 þ KDR þ EPCs).
Some insights into molecular mechanisms
Exercise-mediated improvement of vasomotor endothelial function has been shown to be largely mediated by enhanced NO bioavailability [23] . Paul et al. [24] documented that during cardiac rehabilitation, EPC numbers increased prior to an increase in nitrite in the blood and was associated with reduced EPC apoptosis. However, increments in NO levels may further promote EPC mobilization, and the potent proangiogenic properties of NO are also well determined. In animal model increase in circulating EPC after physical exercise was NO mediated [25] . Accordingly, increases in EPC count after exercise training in CAD is positively correlated with EDD and the increase of NO synthesis [26] . In addition, NO would appear not only to modulate the mobilization of EPCs from bone marrow, but also to promote the migratory and proliferative activity of EPCs. In patients with cardiovascular risk factors and CVD, aerobic exercise intervention increases EPC numbers and this is strongly related to improvements in EDD [20, 25] . However, some studies have found a correlation between EDD and EPC count but did not indicate the type of EPC analyzed, the regime of physical exercise applied or even ethnic differences, all of which may be of importance. For example, in South Asian healthy volunteers, EPC count is lower compared with Caucasians but was found to be the strongest predictor of EDD [26] .
Impending 'oxidative stress' represents another factor involved in the regulation of exercise-related endothelial activity. The greater exercise-mediated improvements in EDD in sedentary and older volunteers may stem from increased initial oxidative stress in these categories. Indeed, the administration of high concentrations of antioxidants (e.g. vitamin C) improves EDD in sedentary, but not in well-trained volunteers [12, 23] . Paradoxically, intensive exercise increases total body oxygen uptake and may enhance the production of reactive oxygen species and impair NO bioactivity if not balanced by sufficient antioxidant capacity [27, 28] . Indeed, NO reacts with oxygen free radicals, but regular exercise also enhances superoxide dismutase (SOD) expression [27] . In this context, Ennezat et al. [29] have also shown markedly increased expression of genes encoding antioxidant enzymes in skeletal muscle in patients with heart failure after training. More intensive habitual exercise has previously been found to be associated with higher EDD-related total oxygen radical scavenging capacity compared with sedentary volunteers [30] . EPCs also enhance SOD production in response to shear stress and show substantial resistance to 'oxidative stress' because of increased expression and activity of a mitochondrialocated manganese SOD [31] . EPCs from healthy volunteers have a higher antioxidant capacity than mature endothelial cells [32] . Therefore, high-scale mobilization of EPCs in the extreme physical exercise discussed above may have a protective role against acute oxidative burden.
In conclusion, the activity of vascular endothelial cells and endothelial progenitors are linked by multiple pathways providing mutually beneficial and protective effects culminating in maintenance of vascular health. Both factors are critical for mediating the effects of physical training on cardiovascular system, but further studies are clearly warranted to better understand the diverse processes involved.
